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FIG.20
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FIG.25 ( INTER-VEHICLE DISTANGE ESTIMATION PROCESS )
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FIG.28
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FIG.30
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1
WIRELESS COMMUNICATION APPARATUS
AND WIRELESS POSITIONING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims the benefit of
priorities from earlier Japanese Patent Application No. 2012-
114856 filed May 18, 2012 and Japanese Patent Application
No. 2013-026586 filed Feb. 14, 2013, the descriptions of
which are incorporated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates to a wireless communication
apparatus and a wireless positioning system, which perform
positioning through wireless communication.

2. Related Art

GPS (global positioning system) is well known as a wide-
area position information service. However, GPS suffers
from a problem that, within buildings or behind doors, posi-
tion information services are not available. Further, GPS,
which relies on GPS satellite infrastructure, also suffers from
a problem that infrastructure failure or service outage will
disable use of the position information services.

Wireless LAN (local area network) positioning technique
has been used for some time, which enables positioning not
relying on a GPS satellite but using electrical measurement
information of widespread wireless LAN. However, in the
wireless LAN positioning technique, the positioning accu-
racy depends on the number of base stations that can receive
signals and specify positions. Therefore, the wireless LAN
positioning technique suffers from a problem of the cost of
building the base stations involved in spreading the technique
in a wide area.

In orderto solve the problems as set forth above, infrastruc-
ture that makes it possible to provide wide-area position
information services not relying on a GPS satellite has started
to build (see, for example, JP-A-2008-104029). In this infra-
structure, the information of detecting wireless LAN stations
that are used for communication is aggregated in the cloud for
cloud computing using computing resources provided as a
service over a network. Then, the LAN stations can be used as
base stations for position detection, thereby reducing the cost
of building base stations. Thus, wide-area position informa-
tion services not relying on a GPS satellite becomes available.

However, the technique of aggregating in cloud the infor-
mation of detecting wireless LAN base stations as disclosed
in JP-A-2008-104029 also suffers from a problem that the
positioning accuracy greatly depends on the density of the
registered base stations.

SUMMARY

The present invention provides a technique that enables
positioning without relying on the density of the surrounding
base stations.

According to a first aspect of the present disclosure, there is
provided a wireless communication apparatus, including:
wireless communicating means for receiving data transmitted
from at least one wireless transmitter by direct wireless com-
munication, the at least one wireless transmitter transmitting
data in a wireless manner; detecting means for detecting
wireless reception condition in the wireless communicating
means; reference information storing means for storing rela-
tion reference information (relation reference information)
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that sets two or more relations between (i) the wireless recep-
tion condition in the wireless communicating means on a
reception condition of data transmitted from the wireless
transmitter and (ii) location information (location related
information) relating to a location of the wireless transmitter;
distance measuring means for measuring relative distance
information (relative distance related information) relating to
a relative distance between the wireless transmitter and the
wireless communication apparatus: first generating means for
generating first relation information (first relation measure-
ment information) indicating a relation between a plurality of
the wireless reception conditions detected by the detecting
means and a plurality of the relative distance information
measured by the distance measuring means; relation deter-
mining means for determining a relation between the location
information and the relative distance information by compar-
ing the relation reference information and the first relation
information; and position determining means for determining
a current location of the wireless communication apparatus
on the basis of (a) the relation between the location informa-
tion and the relative distance information determined by the
relation determining means and (b) a current wireless recep-
tion condition in the wireless communicating means detected
by the detecting means.

The wireless communication apparatus configured in this
way is able to perform direct wireless communication with
one radio transmitter related to the relation reference infor-
mation, thereby determining the current location of the wire-
less communication apparatus. Thus, positioning can be per-
formed irrespective of the density of radio transmitters that
are present around the wireless communication apparatus.

In the wireless communication apparatus, the wireless
transmitter may be provided to be fixed to a predetermined
installation position. The location information in the relation
reference information may be information indicating a posi-
tion on a road laid around the wireless transmitter. The rela-
tive distance information in the first relation information may
be a travel distance (movement distance) of a vehicle pro-
vided with the wireless communication apparatus that moves
on the road laid around the wireless transmitter.

When the wireless communication apparatus configured in
this way moves on a road, the apparatus is able to perform
direct wireless communication with one radio transmitter
related to the relation reference information to thereby deter-
mine the location of the wireless communication apparatus
on the road. This is because the radio transmitter is provided
being fixed to a predetermined installation position. Accord-
ingly, the apparatus is able to determine relation information
(i.e., relation reference information) between wireless recep-
tion condition from the radio transmitter and the information
that indicates the position on the road that is laid around the
radio transmitter. It should be appreciated that “the current
location in the wireless communication apparatus” set forth
above corresponds to the “current location on the road in the
wireless communication apparatus”.

In the wireless communication apparatus, the wireless
transmitter may be mounted in a first moving object that
moves on a road. The location information in the relation
reference information may be information indicating a rela-
tive distance between the first moving object and the wireless
communication apparatus. The relative distance information
in the first relation information may be information indicating
an increase and decrease in a relative distance between the
first moving object and the wireless communication appara-
tus with respect to a reference relative distance that is a
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relative distance between the first moving object and the
wireless communication apparatus at a predetermined time
point.

When the wireless communication apparatus configured in
this way moves near the first moving object, the apparatus is
ableto perform direct wireless communication with one radio
transmitter (i.e. the radio transmitter installed in the first
moving object) related to the relation reference information
to thereby determine a relative distance between the first
moving object and the wireless communication apparatus. It
should be appreciated that, in this case, the “current location
in the wireless communication apparatus” is the “current
location with reference to the first moving object” and thus
corresponds to the “relative distance between the first moving
object and the wireless communication apparatus”.

According to a second aspect of the present disclosure,
there is provided a wireless positioning system, including: the
wireless transmitter as described above and the wireless com-
munication apparatus as described above. The wireless posi-
tioning system configured in this way includes the wireless
communication apparatus recited in claim 1 and thus can
exert effects similar to those of the wireless communication
apparatus recited in claim 1.

BRIEF DESCRIPTION OF DRAWINGS

In the accompanying drawings:

FIG.1is adiagram illustrating a configuration of a wireless
positioning system according to a first embodiment of the
present invention;

FIG. 2 is a block diagram illustrating a configuration of an
on-vehicle apparatus in the wireless positioning system of
FIG. 1;

FIG. 3 is a block diagram illustrating a configuration of a
management server in the wireless positioning system of F1G.
1

FIG. 4 is a flow diagram illustrating a position estimation
process, according to the first embodiment;

FIG. 5 is a diagram illustrating a reference trajectory;

FIG. 6 is a diagram illustrating reference trajectories of
inbound and outbound lanes;

FIG. 7 is an explanatory diagram illustrating a position
determination method using a reference trajectory and a
probe trajectory;

FIG. 8 is a flow diagram illustrating a trajectory update
process, according to the first embodiment;

FIG. 9 is a diagram illustrating a specific example of posi-
tion estimation, according to the first embodiment;

FIG. 10 is a diagram illustrating a configuration of a wire-
less positioning system according to a second embodiment of
the present invention;

FIG. 11 is a block diagram illustrating a configuration of a
reference station in the wireless positioning system of FIG.
10;

FIG. 12 is a block diagram illustrating a configuration of an
on-vehicle apparatus 103 in the wireless positioning system
of FIG. 10;

FIG. 13 is a flow diagram illustrating a position estimation
process, according to the second embodiment;

FIG. 14 is a flow diagram illustrating a trajectory update
process, according to the second embodiment;

FIG. 15 is a diagram illustrating a specific example of
position estimation, according to the second embodiment;

FIG. 16 is a diagram illustrating a specific example of
position estimation according to a third embodiment of the
present invention;
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FIG. 17 is a flow diagram illustrating a position estimation
process, according to the third embodiment;

FIG. 18 is a flow diagram illustrating a trajectory update
process, according to the third embodiment;

FIG. 19 is a flow diagram illustrating a position estimation
process, according to a fourth embodiment of the present
invention;

FIG. 20 is a flow diagram illustrating a trajectory update
process, according to the fourth embodiment;

FIG. 21 is a diagram illustrating a specific example of
position estimation, according to the fourth embodiment;

FIG. 22 is a diagram illustrating a configuration of a wire-
less positioning system according to a fifth embodiment of
the present invention;

FIG. 23 is a block diagram illustrating a configuration of an
on-vehicle apparatus in the wireless positioning system of
FIG. 22,

FIG. 24 is a block diagram illustrating a configuration of a
management server in the wireless positioning system of F1G.
22;

FIG. 25 is a flow diagram illustrating a position estimation
process, according to the fifth embodiment;

FIG. 26 is a diagram illustrating an inter-vehicle distance
reference trajectory;

FIG. 27 is a diagram illustrating an inter-vehicle distance
probe trajectory;

FIG. 28 is a flow diagram illustrating a trajectory update
process, according to the fifth embodiment;

FIG. 29 is a diagram illustrating a specific example of
inter-vehicle distance estimation, according to the fifth
embodiment;

FIG. 30 is a flow diagram illustrating a position estimation
process, according to a sixth embodiment of the present
invention;

FIG. 31 is a diagram illustrating a specific example of
inter-vehicle distance estimation, according to the sixth
embodiment;

FIG. 32 is a diagram illustrating a specific example of
position estimation, according to a seventh embodiment of
the present invention;

FIG. 33 is a two-dimensional diagram illustrating an
indoor parking area in which an arrangement of a reference
station is shown, according to another embodiment of the
present invention;

FIG. 34 is a perspective diagram illustrating a configura-
tion of a reference station, according to another embodiment
of the present invention; and

FIG. 35 is a diagram illustrating a specific example of
position estimation, according to another embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

With reference to the accompanying drawings, hereinafter
are described several exemplary embodiments of the present
invention.

First Exemplary Embodiment

First, a first exemplary embodiment of the present inven-
tion is described with reference to FIGS.1to 9.

FIG.1is adiagram illustrating a configuration of'a wireless
positioning system 1 according to the first embodiment. As
shown in FIG. 1, the wireless positioning system 1 of the
present embodiment includes a plurality of reference stations
2 (two reference stations 2a and 24 are shown in FIG. 1),
on-vehicle apparatuses 3 (three on-vehicle apparatuses 3a, 35
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and 3¢ are shown in FIG. 1) and a management server 4. The
reference stations 2 are arranged being scattered in an out-of-
service area of GPS (global positioning system) to perform
direct wireless communication. The on-vehicle apparatuses 3
are each installed in a motorcar to perform direct wireless
communication. The management server 4 manages data for
measuring the position of each on-vehicle apparatus 3.

The reference station 2 periodically transmits a radio bea-
con including identification information of the reference sta-
tion 2 to the motorcars around it, using a direct wireless
communication function. Of the plurality of reference sta-
tions 2a, 26 and 2¢, some (the reference station 25 in FIG. 1)
are configured to perform data communication with the man-
agement server 4 via a wide-area wireless communication
network NW (e.g., mobile phone communication network).

As shown in FIG. 2, the on-vehicle apparatus 3 includes a
vehicle speed sensor 11, a position detector 12, a direct wire-
less communication device 13, wide-area wireless commu-
nication device 14 and a control unit 15.

Of these components, the vehicle speed sensor 11 detects
the speed of the vehicle that installs the vehicle sensor 11. The
detection results of the vehicle speed sensor 11 are inputted to
the control unit 15.

The position detector 12 is configured by a GPS receiver
and a plurality of sensors. The GPS receiver receives a satel-
lite signal transmitted from a GPS satellite. The plurality of
sensors include, for example, a distance sensor that detects a
travel distance (movement distance) of the vehicle that
installs the on-vehicle apparatus 3 (hereinafter referred to as
“the own vehicle”) on the basis of the rotation of the own
vehicle, and an azimuth sensor. Based on the signals obtained
from these sensors, the position detector 12 detects the posi-
tion and the travelling direction of the own vehicle. The
detection results of the position detector 12 are inputted to the
control unit 15.

The direct wireless communication device 13 performs
direct wireless communication with the reference station 2.

The wide-area wireless communication device 14 per-
forms data communication with the management server 4 via
the wide-area wireless communication network NW.

The control unit 15 includes a central processing unit
(CPU) 21, a read-only memory (ROM) 22 and a random
access memory (RAM) 23 and controls the communication
devices 13 and 14 by allowing the CPU 21 to perform a
process based on a program which is stored in the ROM 22.

As shown in FIG. 3, the management server 4 includes a
wide-area wireless communication device 31 and a control
unit 32. Of these components, the wide-area wireless com-
munication device 31 communicates with the reference sta-
tion 2 and the on-vehicle apparatus 3 via the wide-area wire-
less communication network NW. The control unit 32
includes a CPU 41, a ROM 42 and a RAM 43 and controls the
wide-area wireless communication device 31 by allowing the
CPU 41 to perform a process based on a program which is
stored in the ROM 42. The RAM 43 of the control unit 32
stores reference trajectory information (described later)
regarding the plurality of reference stations 2.

In the wireless positioning system 1 configured as
described above, the on-vehicle apparatus 3 performs a posi-
tion estimation process that will be described later. The man-
agement server 4 performs a trajectory update process that
will be described later.

First, referring to FIG. 4, hereinafter are described steps of
the position estimation process performed by the CPU 21 of
the on-vehicle apparatus 3. The position estimation process is
repeatedly performed while the CPU 21 is activated.
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When the position estimation process is performed, the
CPU 21 determines, first, at step S10, whether or not connec-
tion is established with the management server 4 so that the
wide-area wireless communication device 14 can communi-
cate with the management server 4. If no connection is estab-
lished with the management server 4 (NO at step S10), con-
trol proceeds to step S40. On the other hand, if connection is
established with the management server 4 (YES at step S10),
control proceeds to step S20.

At step S20, if there is a probe trajectory (described later)
that has not been transmitted to the management server 4, the
CPU 21 transmits probe trajectory information indicating the
untransmitted probe trajectory to the management server 4,
together with the identification information of the reference
station 2 and the information indicating the type of the own
vehicle, travelling direction (described later) and current
time.

Then, at step S30, the CPU 21 acquires reference trajectory
information from the management server 4. The reference
trajectory information indicates a reference trajectory of the
reference station 2 which is present within a predetermined
distance (e.g., 1 km in the present embodiment) from the
current location, in the vicinity of the road on which the
vehicle (own vehicle) provided with the on-vehicle apparatus
3 travels.

The acquired reference trajectory information is stored in
the RAM 23, and control proceeds to step S40. The reference
trajectory information of the reference station 2 is provided
for each vehicle type and for each travelling direction (see
FIG. 6). The travelling direction is used here for distinguish-
ing travelling on an inbound lane and traveling on an out-
bound lane of the road.

Of a plurality of pieces of reference trajectory information
regarding the reference stations 2, the CPU 21 of the on-
vehicle apparatus 3 acquires only the reference trajectory
information regarding the vehicle type of the own vehicle and
the travelling direction of the own vehicle from the manage-
ment server 4. However, if the reference trajectory informa-
tion of the reference station 2 has been acquired in the past
and the reference trajectory information has not been updated
since the previous acquisition, no reference trajectory infor-
mation is acquired.

The reference trajectory indicates a relation between travel
distance and probe quantity (see FIG. 5). The travel distance
refers to a distance that the own vehicle has traveled on the
road in the vicinity of the reference station 2 from a point
nearest to the reference station 2 as a base point (hereinafter
referred to as a reference travel distance).

The probe quantity is associated with the reference station
2 (in the present embodiment, the probe quantity refers to a
received signal strength RSSI (received signal strength indi-
cator) of a radio signal that the on-vehicle apparatus 3 has
received from the reference station 2). The probe quantity is
maximized at a point nearest from the reference station 2 on
the road, in the vicinity of the reference station 2.

In the reference trajectory, the probe quantity does not
necessarily gradually decrease as the own vehicle travels
away from the point nearest to the reference station 2. The
reference trajectory may have a local maximal point (see the
command ID01 of FIG. 6) reflecting the reflection or diffrac-
tion caused by a nearby building (see the arrow AL00).

When control proceeds to step S40, the CPU 21 determines
whether or not a radio beacon has been detected. If no radio
beacon has been detected (NO at step S40), this iteration of
the position estimation process is ended. On the other hand, if
a radio beacon has been detected (YES at step S40), control
proceeds to step S50. At step S50, the CPU 21 detects a probe
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quantity (the received signal strength RSSI in the present
embodiment) of the detected radio beacon.

At the same time, at step S60, the CPU 21 calculates a
travel distance of the own vehicle from the time point when
the radio beacon has initially been detected (hereinafter is
referred to a probe travel distance). Then, at step S70, a probe
trajectory (see FIG. 7) is generated, which indicates a relation
between probe quantity and probe travel distance from the
time point when the radio beacon has initially been detected
to the current time point.

Then, at step S80, the probe trajectory generated at step
S70 is superimposed over the reference trajectory which is
indicated by the reference trajectory information acquired at
step S30 (see FIG. 7) to determine whether or not there is a
matching portion therebetween, with a degree of matching
equal to or more than a predetermined trajectory matching
threshold.

If'there is not a matching portion with a degree of matching
equal to or more than the trajectory matching threshold (NO
at step S80), the position estimation process is once ended. On
the other hand, if there is a matching portion with a degree of
matching equal to or more than the trajectory matching
threshold (YES at step S80), control proceeds to step S90.

At step S90, the CPU 21 calculates a travel distance TD
from an arbitrary characteristic point CP on the reference
trajectory to the current time point (see FIG. 7). The charac-
teristic point CP corresponds, for example, to a maximal,
minimal, local maximal or local minimal point of the probe
quantity.

Then, at step S100, the CPU 21 calculates a current loca-
tion of the own vehicle on the road the own vehicle travels, on
the basis of the travel distance TD from the characteristic
point CP to the current time point. Then, the position estima-
tion process is once ended.

Referring now to FIG. 8, hereinafter are described steps of
the trajectory update process performed by the CPU 41 of the
management server 4. The trajectory update process is repeat-
edly performed while the CPU 41 is activated.

When the trajectory update process is performed, the CPU
41 determines, first, at step S210, whether or not probe tra-
jectory information has been received from the on-vehicle
apparatus 3. If no probe trajectory information has been
received (NO at step S210), the trajectory update process is
once ended. On the other hand, if probe trajectory informa-
tion has beenreceived (YES at step S210), control proceeds to
step S220.

At step S220, the received probe trajectory information is
classified and stored on the basis of the identification infor-
mation of the reference station 2, the vehicle type of the
vehicle that installs the on-vehicle apparatus 3, and the trav-
elling direction of the vehicle (travelling direction in the
inbound lane, or travelling direction in the outbound lane).

Then, at step S230, the reference trajectory having the
same reference station, vehicle type and travelling direction
as those of the probe trajectory information added at step
8220 is updated using the probe trajectory added at step S220.
Then, the trajectory update process is once ended.

Specifically, in the present embodiment, for example, the
probe trajectories stored up to then are classified on the basis
of the same reference station, the same vehicle type and the
same travelling direction. Then, an average value is calcu-
lated for the probe trajectories of each classification and the
average value is used as a reference trajectory. However, an
average value is calculated after removing those probe trajec-
tories which have a variance equal to or more than a prede-
termined removal threshold.
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Referring to FIG. 9, hereinafter is described a specific
example of position estimation performed in the wireless
positioning system 1 configured as described above.

As shown in FIG. 9, the reference stations 2a and 25 are set
up along a road R1. The reference stations 2a and 24 are
arranged at an interval that an autonomous sensor of a vehicle
can interpolate it with sufficient accuracy. The reference sta-
tion 2a is not connected to the management server 4 via the
wide-area wireless communication network NW, while the
reference station 25 is connected to the management server 4
via the wide-area wireless communication network NW.

A vehicle that has the on-vehicle apparatus 3a (hereinafter
referred to as first vehicle) travels on the road R1 toward the
reference station 2a. A vehicle that installs the on-vehicle
apparatus 35 (hereinafter referred to as second vehicle) trav-
els on the road R1 away from the reference station 2a toward
the reference station 2b. A vehicle that installs the on-vehicle
apparatus 3¢ (hereinafter referred to as third vehicle) travels
on the road R1 away from the reference station 24.

The first vehicle that travels toward the reference station 2a
acquires, from the management server 4, reference trajectory
information of the reference station 2a regarding vehicle type
and travelling direction which are the same as those of the first
vehicle (see the arrow ALO1).

The second vehicle that travels near the reference station
2a generates a probe trajectory in relation to the reference
station 2a and calculates the current location of the second
vehicle on the basis of the results of matching between the
generated probe trajectory and the reference trajectory of the
reference station 2a.

The third vehicle travels near the reference station 25 that
enables connection to the management server 4. If the third
vehicle is connected to the management server 4 via the
reference station 25, the third vehicle transmits the untrans-
mitted probe trajectory information to the management server
4 via the reference station 25 (see the arrow AL02).

In the on-vehicle apparatus 3 configured in this way, the
direct wireless communication device 13 receives data trans-
mitted via radio from the reference station 2 by performing
direct wireless communication and then the direct wireless
communication device 13 detects the received signal strength
RSSI (step S50). Further, the RAM 23 stores reference tra-
jectory information.

In the reference trajectory information, two or more points
of relation between the received signal strength RSSI and
travel distance are set. The received signal strength RSSIis a
signal strength at the time when the direct wireless commu-
nication device 13 receives data, via radio, transmitted from
the reference station 2. The travel distance is a distance that
the own vehicle has traveled from a point, i.e. a base point,
nearest from the reference station 2, on the road in the vicinity
of the reference station 2 (the distance is the reference travel
distance mentioned above and corresponds to the position on
the road).

Further, the position detector 12 calculates a travel distance
of the own vehicle from the time point when a radio beacon
has initially been detected (probe travel distance) (step S60).
Then, probe trajectory information is generated, which indi-
cates a relation between a plurality of received signal
strengths RSSI of the direct wireless communication device
13 and a plurality of probe travel distances (step S70).

Then, the reference trajectory information and the probe
trajectory information are compared to determine a relation
between the reference travel distance and the probe travel
distance (step S80). Then, the current location in the on-
vehicle apparatus 3 is determined on the basis of the relation
between the reference trajectory information and the probe
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trajectory information, and the currently detected received
signal strength RSSI (steps S90 and S100).

Thus, the current location ofthe on-vehicle apparatus 3 can
be determined by performing direct wireless communication
with one reference station 2 corresponding to the reference
trajectory information.

Therefore, positioning is performed without depending on
the density of the reference stations 2 around the on-vehicle
apparatus 3. This is because each reference station 2 is fixedly
set up at a predetermined setting position and because the
relation can be set between the condition (wireless reception
condition) of receiving data via radio from the reference
station 2 and the information (i.e., reference trajectory infor-
mation) that indicates the position on the road built in the
vicinity of the reference stations 2.

Reference trajectory information is provided for each
vehicle type of the vehicle that installs the on-vehicle appa-
ratus 3. Thus, when the probe quantity (the received signal
strength RSS1in the present embodiment) changes depending
on vehicle type, the positioning accuracy is prevented from
being greatly varied depending on vehicle type.

Further, reference trajectory information is acquired from
the management server 4 by performing wireless communi-
cation, via the wide-area radio communication network NW,
with the management server 4 that manages reference trajec-
tory information provided for each of the plurality of refer-
ence stations 2 (step S30). Thus, the on-vehicle apparatus 3 no
longer requires to store, in advance, a number of pieces of
reference trajectory information provided for the respective
reference stations 2. Accordingly, the on-vehicle apparatus 3
can acquire, as necessary, a few pieces of reference trajectory
information from the management server 4, from among the
number of pieces of trajectory information, thereby saving
the data storage area of the on-vehicle apparatus 3.

Generated probe trajectory information is transmitted to
the management server 4 by performing wireless communi-
cation via the wide-area wireless communication network
NW (step S20). Thus, the management server 4 that manages
reference trajectory information is able to update the refer-
ence trajectory information using the newly acquired probe
trajectory information.

In the embodiment described above, the on-vehicle appa-
ratus 3 is the wireless communication apparatus of the present
invention. Likewise, the reference station 2 is the radio trans-
mitter; the direct wireless communication device 13 is the
radio communicating means or unit; step S50 is the detecting
means or unit; the RAM 23 is the reference information
storing means or unit; step S60 is the distance measuring
means; step S70 is the first generating means or unit; step S80
is the relation determining means or unit; and steps S90 and
S100 are the position determining means or unit.

Further, the received signal strength RSSI is the radio
reception condition of the present invention. Likewise, the
“travel distance that the own vehicle has traveled from a point,
i.e. a base point, nearest from the reference station 2, on the
road in the vicinity of the reference station 2” is the location
information (location related information); the reference tra-
jectory information is the relation reference information (re-
lation reference information); the probe travel distance is the
relative distance information (relative distance related infor-
mation); and the probe trajectory information is the first rela-
tion information (first relation measurement information).

Furthermore, step S30 is the second reference information
acquiring means or unit. Likewise, step S20 is the second
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measurement information transmitting means or unit; and the
management server 4 is the first management apparatus.

Second Exemplary Embodiment

Next, a second exemplary embodiment of the present
invention is described with reference to FIGS. 10 to 15.

FIG. 10 is a diagram illustrating a configuration of a wire-
less positioning system 101, according to the second embodi-
ment.

As shown in FIG. 10, the wireless positioning system 101
of the present embodiment includes a plurality of reference
stations 102 (two reference stations 102a and 1025 are shown
in FIG. 10) and on-vehicle apparatuses 103 (three on-vehicle
apparatuses 1034, 1035 and 103¢ are shown in FIG. 10). The
reference stations 102 are arranged being scattered in an
out-of-service area of GPS (global positioning system) to
perform direct wireless communication. The pm-vehicle
apparatuses 3 are each installed in a motorcar to perform
direct wireless communication.

The reference station 102 periodically transmits a radio
beacon including identification information of the reference
station 102 to the motorcars around it, using a direct wireless
communication function.

As shown in FIG. 11, each reference station 102 includes a
direct wireless communication device 111 and a control unit
112. Ofthese components, the direct wireless communication
device 111 performs direct wireless communication with the
on-vehicle apparatus 103. The control unit 112 includes a
CPU 121, a ROM 122 and a RAM 123. The control unit 112
controls the direct wireless communication device 111 by
allowing the CPU 121 to perform a process which is based on
a program stored in the ROM 122. In the RAM 123 of the
control unit 112, reference trajectory information regarding
the reference station 102 that installs this control unit 112 is
classified and stored on the basis of vehicle type and travelling
direction of vehicles.

As shown in FIG. 12, the on-vehicle apparatus 103
includes a vehicle speed sensor 131, a position detector 132,
a direct wireless communication device 133 and a control unit
134. Of these components, the vehicle sensor 131, the posi-
tion detector 132 and the direct wireless communication
device 133 are the same as the vehicle speed sensor 11, the
position detector 12 and the direct wireless communication
device 13, respectively, of the first embodiment. Therefore,
description of these components is omitted. The control unit
134 includes a CPU 141, a ROM 142 and a RAM 143 and
controls the direct wireless communication 133 by allowing
the CPU 141 to perform a program stored in the ROM 142.

In the wireless positioning system 101 configured as
described above, the on-vehicle apparatus 103 performs a
position estimation process that will be described later. The
reference station 102 performs a trajectory update process
that will be described later.

First, referring to FIG. 13, hereinafter are described steps
of'the position estimation process performed by the CPU 141
of'the on-vehicle apparatus 103. The position estimation pro-
cess is repeatedly performed while the CPU 141 is activated.

When the position estimation process is performed, the
CPU 141 determines, first, at step S310, whether or not a
radio beacon has been detected. If no radio beacon has been
detected (NO at step S310), control proceeds to step S410. On
the other hand, if a radio beacon has been detected (YES at
step S310), control proceeds to step S320.

At step S320, it is determined whether or not the reference
station 102 specified by identification information included in
the radio beacon is the one whose reference trajectory has not
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been yet acquired by the on-vehicle apparatus 103. If the
reference station 102 is the one whose reference trajectory has
already been acquired (NO at step S320), control proceeds to
step S340.

On the other hand, if the reference station 102 is the one
whose reference trajectory has been unacquired (YES at step
S320), control proceeds to step S330. At step S330, the CPU
141 transmits a request for transmitting reference trajectory
information (hereinafter referred to as reference trajectory
request command) to the reference station 102 corresponding
to the detected radio beacon.

In transmitting the reference trajectory request command,
information on the vehicle type of the vehicle that installs the
on-vehicle apparatus 103 (hereinafter referred to as “the own
vehicle”) and information on the travelling direction of the
own vehicle are also transmitted. Then, control proceeds to
step S340. At step S340, a probe quantity (received signal
strength RSSI in the present embodiment) of the detected
radio beacon is detected.

At the same time, at step S350, the CPU 141 calculates a
travel distance (probe travel distance) of the own vehicle from
the time point when the radio beacon has initially been
detected. Then, at step S360, a probe trajectory (see FI1G. 6) is
generated, which indicates a relation between probe quantity
and probe travel distance from the time point when the radio
beacon has initially been detected up to the current time point.

Then, at step S370, if the reference trajectory information
corresponding to the detected radio beacon has already been
acquired, the probe trajectory generated at step S360 is super-
imposed over the reference trajectory indicated by the refer-
ence trajectory information (see FIG. 6) to determine whether
or not there is a matching portion, with a degree of matching
equal to or more than a predetermined trajectory matching
threshold.

If'there is not a matching portion with a degree of matching
equal to or more than the trajectory matching threshold (NO
at step S370), control proceeds to step S410. On the other
hand, if there is a matching portion with a degree of matching
equal to or more than the trajectory matching threshold (YES
at step S370), the CPU 141 calculates a travel distance TD
(see FIG. 6) from an arbitrary characteristic point CP on the
reference trajectory to the current point.

Then, at step S390, based on the travel distance TD from
the characteristic point CP to the current point, the CPU 141
calculates the current location of the own vehicle on the road
the own vehicle travels. Further, at step S400, the CPU 141
transmits probe trajectory information indicating untransmit-
ted probe trajectory to the reference station 102 correspond-
ing to the detected radio beacon, together with the informa-
tion indicating the vehicle type of the own vehicle, the
travelling direction of the own vehicle and the current time.
Then, control proceeds to step S410.

At step S410, it is determined whether or not reference
trajectory information has been received from the reference
station 102 corresponding to the detected radio beacon. If
reference trajectory information has not been received (NO at
step S410), the position estimation process is once ended. On
the other hand, if the reference trajectory information has
been received (YES at step S410), control proceeds to step
S420. At step S420, the received reference trajectory infor-
mation is stored in the RAM 143 and the position estimation
process is once ended.

Referring to FIG. 14, hereinafter are described steps of the
trajectory update process performed by the CPU 121 of the
reference station 102. The trajectory update process is repeat-
edly performed while the CPU 121 is activated.
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When the trajectory update process is performed, the CPU
121 determines, first, at step S510, whether or not a reference
trajectory request command has been received from the on-
vehicle apparatus 103. If the reference trajectory request
command has not been received (NO at step S510), control
proceeds to step S530. On the other hand, if the reference
trajectory request command has been received (YES at step
S510), control proceeds to step S520.

At step S520, the CPU 121 transmits reference trajectory
information to the on-vehicle apparatus 103. The reference
trajectory information includes a reference trajectory having
the vehicle type and the travelling direction that are specified
by the vehicle type information and the travelling direction
information, respectively, received together with the refer-
ence trajectory request command. Then, control proceeds to
step S530.

At step S530, the CPU 121 determines whether or not
probe trajectory information has been received from the on-
vehicle apparatus 103. If probe trajectory information has not
been received (NO at step S530), the trajectory update pro-
cess is once ended. On the other hand, if probe trajectory
information has been received (YES at step S530), control
proceeds to step S540.

At step S540, the CPU 121 determines whether or not the
received probe trajectory information is continuation infor-
mation of a probe session in the past, which has been gener-
ated at step S550 that will be described later. If the received
probe trajectory information is not the continuation informa-
tion (NO at step S540), control proceeds to step S550 where
a new probe session is generated.

The probe session corresponds to a storage area provided
for storing probe trajectory information which has been trans-
mitted from a certain on-vehicle apparatus 103 to the refer-
ence station 102, from when the on-vehicle apparatus 103
approaches the reference station 102 until when it moves
away therefrom. The probe session is set with the vehicle type
information and the travelling direction information, which
correspond to the probe trajectory information received at
step S530.

Then, at step S560, a session timer is activated and control
proceeds to step S580. For example, the count of the session
timer is incremented every 100 ms. When activated, the count
is incremented from zero.

On the other hand, if the received probe trajectory infor-
mation is continuation information (YES at step S540), con-
trol proceeds to step S570 where the session timer is reacti-
vated. Then, control proceeds to step S580.

At step S580, the received probe trajectory information is
stored in the probe session. Then, at step S590, the CPU 121
determines whether or not the count of the session timer is
equal to or larger a predetermined expiration threshold. In
other words, the CPU 121 determines whether or not the
elapsed time since previous reception of the probe trajectory
information has exceeded the time corresponding to the expi-
ration threshold.

If the count of the session timer is smaller than the expira-
tion threshold (NO at step S590), the trajectory update pro-
cess is once ended. On the other hand, if the count of the
session timer is equal to or larger than the expiration threshold
(YES at step S590), control proceeds to step S600.

At step S600, the probe trajectory information stored in the
probe session is classified and stored in the RAM 123 on the
basis of the vehicle type of vehicle installing the on-vehicle
apparatus 103 and travelling direction of the vehicle (travel-
ling direction in the inbound lane, or travelling direction in the
outbound lane), according to the vehicle type information and
the travelling direction information set in the probe session.
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Then, at step S610, similar to step S230 of the first embodi-
ment, the reference trajectory having a vehicle type and a
travelling direction, which are the same as those of the probe
trajectory information added at step S600, is updated using
the probe trajectory added at step S600. Further, at step S620,
the increment of the count of the session timer is stopped and
then the trajectory update process is once ended.

Referring to FIG. 15, hereinafter is described a specific
example of position estimation performed in the wireless
positioning system 101 configured as described above.

As shown in FIG. 15, the reference stations 102a and 1025
are set up along a road R2. The reference stations 102a and
10254 are arranged at an interval that an autonomous sensor of
a vehicle can interpolate it with sufficient accuracy.

A vehicle that installs the on-vehicle apparatus 103a (here-
inafter referred to as first vehicle) travels on the road R2
toward the reference station 102a. A vehicle that installs the
on-vehicle apparatus 1035 (hereinafter referred to as second
vehicle) travels on the road R2 away from the reference
station 102a toward the reference station 1025.

When the first vehicle approaches the reference station
1024 such that a radio beacon from the reference 102a can be
detected, the first vehicle acquires reference trajectory infor-
mation of the reference station 102a, regarding the vehicle
type and the travelling direction which are the same as those
of'the first vehicle (see the arrow AL11). Also, the first vehicle
transmits untransmitted probe trajectory information to the
reference station 102a (see the arrow AL12).

The second vehicle, which is travelling near the reference
station 102a, generates a probe trajectory in relation to the
second reference station 1024 and calculates the current loca-
tion of the second vehicle on the basis of the results of match-
ing between the generated probe trajectory and the reference
trajectory of the reference station 102a. At the same time, the
second vehicle transmits untransmitted probe trajectory
information to the reference station 102a (see the arrow
AL13).

In the on-vehicle apparatus 103 configured as described
above, reference trajectory information transmitted from the
reference station 102 is acquired using the direct wireless
communication device 133 (steps S320, S330, S410 and
S420). Thus, the reference trajectory information is acquired
without using a communication device that performs wireless
communication via the wide-area wireless communication
network NW.

Further, using the direct wireless communication device
133, generated probe trajectory information is transmitted to
the reference station 102 (step S400). Thus, the reference
station 102, in which reference trajectory information is
stored, updates the reference trajectory information using the
newly acquired probe trajectory information.

In the embodiment described above, the on-vehicle appa-
ratus 103 is the wireless communication apparatus of the
present invention. Likewise, the reference station 102 is the
radio transmitter; the direct wireless communication device
133 is the radio communicating means or unit; step S340 is
the detecting means or unit; the RAM 143 is the reference
information storing means or unit; step S350 is the distance
measuring means or unit; step S360 is the first generating
means or unit; step S370 is the relation determining means or
unit; and steps S380 and S390 are the position determining
means or unit.

Steps S320, S330, S410 and S420 are the first reference
information acquiring means or unit. Likewise, step S400 is
the first measurement information transmitting means or unit.
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Third Exemplary Embodiment

Next, a third exemplary embodiment of the present inven-
tion is described with reference to FIGS. 16 to 18.

In the third embodiment, only the differences from the
second embodiment are described. Also, in the third embodi-
ment, the components identical with or similar to those in the
second embodiment are given the same reference numerals
for the sake of omitting unnecessary explanation.

As shown in FIG. 16, the wireless positioning system 101
of'the third embodiment is different from the second embodi-
ment in that the reference stations 102a and 1025 are set up
along a road R3 having two lanes each way, and the position
estimation process and the trajectory update process are
changed. The remaining configuration is similar to that of the
second embodiment.

Inthe RAM 123 of'the control unit 112, pieces of reference
trajectory information regarding the reference station 102
that installs the control unit 112 are classified and stored on
the basis of vehicle type and traveling direction of vehicles.
Each piece of reference trajectory information includes a
reference trajectory of each of first and second lanes config-
uring the two lanes of each way (see the reference trajectories
TR1 and TR2 in FIG. 16).

As shown in FIG. 17, in the position estimation process
according to the third embodiment, step S360 and steps S380
to S400 are omitted and steps S710 to S750 are added. The
remaining steps are similar to those of the second embodi-
ment.

Specifically, after finishing step S350, control proceeds to
step S710. At step S710, the CPU 141 of the on-vehicle
apparatus 103 generates a probe trajectory (see FIG. 6),
which indicates a relation between probe quantity and probe
travel distance from the time point when a radio beacon has
initially been detected up to the current time point. The probe
quantity additionally includes the speed and the steering
angle of the own vehicle at the time point when the probe
quantity has been detected. When step S710 is finished, con-
trol proceeds to step S370.

At step S370, if there is a matching portion with a degree of
matching equal to or more than the trajectory matching
threshold (YES at step S370), control proceeds to step S720.

At step S720, the lane corresponding to the reference tra-
jectory that includes the matching portion with a degree of
matching equal to or more than the trajectory matching
threshold is set as a lane on which the own vehicle travels
currently.

Then, at step S730, the CPU 141 calculates a travel dis-
tance TD from an arbitrary characteristic point CP to the
current time point on the reference trajectory that corresponds
to the set lane.

Then, at step S740, the CPU 141 calculates the current
location of the own vehicle on the road on which the own
vehicle travels, on the basis of the travel distance TD from the
characteristic point CP to the current time point.

Then, at step S750, the CPU 141 transmits probe trajectory
information indicating an untransmitted probe trajectory to
the reference station 102 corresponding to the detected radio
beacon, together with the information indicating the vehicle
type and travel direction of the own vehicle and current time.
Then, control proceeds to step S410.

As shown in FIG. 18, in the trajectory update process of the
third embodiment, step S610 is omitted and step S810 is
added. The remaining steps are similar to those of the second
embodiment.

Specifically, when step S600 is finished, control proceeds
to step S810. At step S810, similar to step S230 of the first
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embodiment, the CPU 121 of the reference station 102
updates the reference trajectory having the vehicle type and
travelling direction which are the same as those of the probe
trajectory information added at step S600, using the probe
trajectory added at step S600. However, the reference trajec-
tory having the same vehicle type and travelling direction
includes the reference trajectory of the first lane and the
reference trajectory of the second lane.

Accordingly, at step S810, the CPU 121 determines
whether the reference trajectory corresponds to the probe
trajectory of the first lane or the probe trajectory of the second
lane, on the basis of the speed information and the steering
angle information added to the probe quantity of the probe
trajectory, thereby updating the reference trajectory. When
step S810 is finished, control proceeds to step S620.

In the on-vehicle apparatus 103 configured as described
above, reference trajectory information is provided for each
lane of the road R3. Thus, by comparing the reference trajec-
tory information provided for each lane of the road R3 with
the probe trajectory information, the lane on which the
vehicle installing the on-vehicle apparatus 103 (the own
vehicle) travels can be specified.

Fourth Exemplary Embodiment

Next, a fourth exemplary embodiment of the present inven-
tion is described with reference to FIGS. 19 to 20.

The fourth embodiment is described focusing on the dif-
ferences from the first embodiment. Also, in the fourth
embodiment, the components identical with or similar to
those in the first embodiment are given the same reference
numerals for the sake of omitting unnecessary explanation.

The wireless positioning system 1 of the fourth embodi-
ment is similar to that of the first embodiment except that the
position estimation process and the trajectory update process
are changed.

First, as shown in FIG. 19, in the position estimation pro-
cess according to the fourth embodiment, step S20 is omitted
but, instead, step S900 is added. The remaining steps are
similar to those of the first embodiment.

Specifically, when step S10 is finished, control proceeds to
step S900. At step S900, ifthere is any probe trajectory not yet
transmitted to the management server 4, the CPU 21 of the
on-vehicle apparatus 3 transmits probe trajectory information
indicating an untransmitted probe trajectory to the manage-
ment server 4, together with identification information of the
reference station 2 and the information indicating the vehicle
type and travelling direction of the own vehicle and current
time.

Further, the CPU 21 transmits travel trajectory information
to the management server 4. The travel trajectory information
indicates a travel trajectory that the own vehicle has traveled
in a period including the period corresponding to the untrans-
mitted probe trajectory and periods before and after the
period of the untransmitted probe trajectory. When step S900
is finished, control proceeds to step S30.

In the trajectory update process of the fourth embodiment,
steps S210 to S230 are omitted but, instead, steps S910 to
S960 are added. The remaining steps are similar to those of
the first embodiment.

Specifically, when the trajectory update process is per-
formed, the CPU 41 of the management server 4 determines,
first, at step S910, whether or not probe trajectory information
and travel trajectory information have been received from the
on-vehicle apparatus 3.

If the probe trajectory information and the travel trajectory
information have not been received (NO at step S910), the
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trajectory update process is once ended. On the other hand, if
the probe trajectory information and the travel trajectory
information have been received (YES at step S910), control
proceeds to step S920.

At step S920, the CPU 41 determines whether or not the
received probe trajectory information is about the reference
station already registered. Specifically, if the identification
information of the reference station 2 is added to the probe
trajectory information, the CPU 41 determines that the probe
trajectory information is about the reference station already
registered.

If'the identification information of the reference station 2 is
not added to the probe trajectory information, the CPU 41
makes a determination by comparing the reference trajectory
information stored in the management server 4 with the
received probe trajectory information and travel trajectory
information.

If the received probe trajectory information is about the
reference station already registered (YES at step S920), con-
trol proceeds to step S930. At step S930, the received probe
trajectory information is classified and stored on the basis of
the identification information of the reference station, the
vehicle type of the vehicle that installs the on-vehicle appa-
ratus 3, and the travelling direction of the vehicle.

Then, at step S940, the CPU 41 updates the reference
trajectory having the same reference station, vehicle type and
travelling direction as those of the added probe trajectory
information, using the probe trajectory added at step S930.
Then, the trajectory update process is once ended.

On the other hand, if the received probe trajectory infor-
mation is not about the reference station already registered
(NO at step S920), control proceeds to step S950. At step
S950, identification information of the reference station is
newly allocated to the received probe trajectory information
and travel trajectory information, followed by classifying and
storing the probe trajectory information and the travel trajec-
tory information on the basis of the identification information
of the reference station, the vehicle type of the vehicle that
installs the on-vehicle apparatus 3 and the travelling direction
of the vehicle.

Then, at step S960, a reference trajectory is newly gener-
ated on the basis of the received probe trajectory information
and travel trajectory information, followed by classifying and
storing the reference trajectory on the basis of the identifica-
tion information of the reference station, the vehicle type of
the vehicle and the travelling direction of the vehicle. Then,
the trajectory update process is once ended.

Referring now to FIG. 21, hereinafter is described a spe-
cific example in which a reference trajectory is newly regis-
tered in the wireless positioning system 1 configured as
described above.

As shown in FIG. 21, a vehicle installing the on-vehicle
apparatus 3a (hereinafter referred to as first vehicle) travels
on a road R4 and turns to the left at a cross-point CP of the
road R4 (see the travel trajectory VP41). At a position along
the road R4 short of the cross-point CP, an unregistered ref-
erence station 24 is set up.

The first vehicle, when travelling along the road R4 and
near the reference station 24, is able to detect a radio beacon
from the reference station 2d to thereby generate a probe
trajectory PT41 (see FIG. 21).

The management server 4, upon reception of the probe
trajectory information indicating the probe trajectory TP41
and the travel trajectory indicating the travel trajectory VP41,
determines the point of the left turn on the travel trajectory
VP41 as being the position of a cross-point.
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Then, using a position P41 of the cross-point as a reference,
the management server 4 is able to specify a position P42
(characteristic point CP42) on the road R4, at which probe
quantity is maximized in the probe trajectory PT41.

Thus, the management server 4 is able to newly register a
reference trajectory that indicates a relation between probe
quantity and position on the road R4, as a reference trajectory
ST41 of the reference station 2d (see FIG. 21).

After the reference trajectory ST40 of the reference station
2d has been registered, a vehicle installing the on-vehicle
apparatus 35 (hereinafter referred to as second vehicle) trav-
els on the road R4 and goes straight on the cross-point CS of
the road R4 (see the travel trajectory VP42).

In this case, the on-vehicle apparatus 36 compares probe
trajectory information that indicates a probe trajectory PT42
(see FIG. 2) generated using a radio beacon from the refer-
ence station 2d, with the reference trajectory ST41 of the
reference station 2d to thereby specify the position P42 on the
road R4, at which the probe quantity is maximized. After that,
the on-vehicle apparatus 35 acquires a travel distance VE41
from the position 42 using an autonomous sensor to thereby
estimate a current location 43 (see FIG. 21) on the road R4.

A WAN (wide area network) base station WS (see FIG. 21),
which is not power controlled, can also be registered as a
reference station.

The on-vehicle apparatus 3 configured as described above
transmits travel trajectory information corresponding to
probe trajectory information to the management server 4
(step S900). Thus, the management server 4 is able to gener-
ate a reference trajectory that indicates a relation between
probe quantity and position on the road R4, on the basis of the
received probe trajectory information and travel trajectory
information. Therefore, the reference trajectory information
of the reference station 2 which is not registered in the man-
agement server 4 can be newly registered.

In the embodiment described above, step S900 is the travel
trajectory transmitting means or unit. Likewise, the travel
trajectory information is the movement trajectory informa-
tion.

Fifth Exemplary Embodiment

Next, a fifth exemplary embodiment of the present inven-
tion is described with reference to FIGS. 22 to 29.

As shown in FIG. 22, a wireless positioning system 201 of
the present embodiment includes a plurality of reference sta-
tions 202 (two reference stations 202a and 2025 are shown in
FIG. 22), an on-vehicle apparatus 203 (three on-vehicle appa-
ratuses 203a, 2036 and 203c¢ are shown in FIG. 22) and a
management server 204. The plurality of reference stations
202 are set up, being scattered along a road. The on-vehicle
apparatus 203 is installed in a vehicle to perform direct wire-
less communication. The management server 204 manages
data for measuring an inter-vehicle distance.

The reference station 202 periodically transmits a radio
beacon including identification information of the reference
station 202 to the vehicles around it, using a direct wireless
communication function. Also, the plurality of reference sta-
tions 202 are each configured to perform data communication
with the management server 204 via a wide-area wireless
communication network NW (e.g., mobile phone communi-
cation network).

As shown in FIG. 23, the on-vehicle apparatus 203
includes a vehicle speed sensor 11, position detector 12,
direct wireless communication device 213, wide-area wire-
less communication device 214, radar device 215 and control
unit 216.
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Of these components, the direct wireless communication
device 213 performs direct wireless communication with the
reference station 202 and the on-vehicle apparatus 203 of
some other vehicle.

The wide-area wireless communication device 214 per-
forms data communication with the management server 204
via the wide-area wireless communication network NW.

The radar device 215 transmits radar waves of a millimeter
wave band in a forward direction of the vehicle that installs
the on-vehicle apparatus 203 (hereinafter referred to as “the
own vehicle”) and receives reflected radar waves to detect a
distance to a point at which the radar waves have been
reflected.

The control unit 216 includes a CPU 221, ROM 222 and
RAM 223. The control unit 216 allows the CPU 221 to
execute a program stored in the ROM 222 to thereby control
the communication devices 213 and 214 and the radar device
215.

The control unit 216 performs control under which the
information that indicates the vehicle type and the speed of
vehicle is mutually transmitted/received between the on-ve-
hicle apparatus 203 of the own vehicle and the on-vehicle
apparatus 203 of some other vehicle, using direct wireless
communication.

As shown in FIG. 24, the management server 204 includes
a wide-area wireless communication device 231 and a control
unit 232.

Of these components, the wide-area wireless communica-
tion device 231 performs data communication with the refer-
ence station 202 and the on-vehicle apparatus 203 via the
wide-area wireless communication network NW.

The control unit 232 includes a CPU 241, ROM 242 and
RAM 243. The control unit 232 allows the CPU 241 to per-
form a process on the basis of a program stored in the ROM
242 to thereby control the wide-area wireless communication
device 231. Also, the RAM 243 of the control unit 232 stores
reference trajectory information regarding inter-vehicle dis-
tance (described later).

Hereinafter, the reference trajectory information regarding
inter-vehicle distance is referred to as inter-vehicle distance
reference trajectory information. The inter-vehicle distance
reference trajectory information is provided for each combi-
nation of the vehicle type of the own vehicle and the vehicle
type of a preceding vehicle.

In the wireless positioning system 201 configured as
described above, the on-vehicle apparatus 203 performs an
inter-vehicle distance estimation process that will be
described latter. The management server 204 performs a tra-
jectory update process that will be described later.

First, referring to FIG. 25, hereinafter are described steps
of the inter-vehicle distance estimation performed by the
CPU 221 of the on-vehicle apparatus 203. The inter-vehicle
distance estimation process is repeatedly performed while the
CPU 221 is activated.

When the inter-vehicle distance estimation process is per-
formed, the CPU 221 determines, first, at step S1010, whether
ornot aconnection is established with the management server
204 by the wide-area wireless communication device 214 so
as to enable data communication.

Ifno connection is established with the management server
204 (NO at step S1010), control proceeds to step S1040. On
the other hand, if connection is established with the manage-
ment server 204 (YES at step S1010), control proceeds to step
$1020.

At step S1020, ifthere is a radar probe trajectory (described
later) not yet transmitted to the management server 204, the
CPU 221 transmits radar probe trajectory information, which
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indicates an untransmitted radar probe trajectory, to the man-
agement server 4, together with vehicle type information
indicative of the vehicle type of the own vehicle and preced-
ing vehicle type information indicative of the vehicle type of
a preceding vehicle.

Then, at step S1030, the CPU 221 acquires unacquired or
unupdated inter-vehicle distance reference trajectory infor-
mation from the management server 204 and stores the infor-
mation in the RAM 223.

Then, control proceeds to step S1040. A reference trajec-
tory related to an inter-vehicle distance (hereinafter referred
to as inter-vehicle distance reference trajectory) indicates a
relation of inter-vehicle distance to a preceding vehicle, with
probe quantity of a radio beacon received from the preceding
vehicle (see FIG. 26). The inter-vehicle distance reference
trajectory is provided for each combination of the vehicle
type of the own vehicle and the vehicle type of a preceding
vehicle.

At step S1040, the CPU 221 determines whether or not a
radio beacon from the on-vehicle apparatus 203 of some other
vehicle has been detected. If no radio beacon has been
detected (NO at step S1040), control proceeds to step S1120.
On the other hand if a radio beacon has been detected (YES at
step S1040), control proceeds to step S1050. At step S1050,
the probe quantity (received signal strength RSSI in the
present embodiment) of the detected radio beacon is detected.

Atthe same time, at step S1060, the CPU 221 calculates an
inter-vehicle distance between the own vehicle and the pre-
ceding vehicle with reference to the time point when the radio
beacon has initially been detected (hereinafter referred to as
probe inter-vehicle distance).

Then, at step S1070, the CPU 221 generates a probe tra-
jectory (see FIG. 27) that indicates a relation between probe
quantity and probe inter-vehicle distance (hereinafter
referred to as inter-vehicle distance probe trajectory).

The probe inter-vehicle distance is calculated on the basis
of the information regarding the travelling speed of the own
vehicle and the information regarding the travelling speed of
the preceding vehicle that is acquired through direct wireless
communication with the preceding vehicle.

For example, a radio beacon from the on-vehicle apparatus
203 of some other vehicle may be initially detected, and the
inter-vehicle distance at this time is indicated by D0 (see FIG.
27) (corresponding to a predetermined time point).

Then, when the own vehicle decelerates or the preceding
vehicle accelerates, the probe inter-vehicle distance becomes
longer than D0, depending on the amount of change in the
speed. Contrarily, when the own vehicle accelerates or the
preceding vehicle decelerates, the inter-vehicle distance
becomes shorter than D0, depending on the amount of change
in the speed. However, since the value of D0 is unknown, the
probe quantity cannot be correlated to the actual inter-vehicle
distance in the inter-vehicle distance probe trajectory.

Then, at step S1080, the CPU 221 measures an inter-ve-
hicle distance between the own vehicle and the preceding
vehicle using the radar device 215 (hereinafter referred to as
radar inter-vehicle distance). Then, at step S1090, the CPU
221 generates a probe trajectory that indicates a relation
between probe quantity and radar inter-vehicle distance
(hereinafter referred to as radar probe trajectory).

After that, at step S1100, the CPU 221 extracts the inter-
vehicle distance reference trajectory information that is
specified by the combination of the vehicle type of the own
vehicle and the vehicle type of the preceding vehicle, from
among a plurality of pieces of inter-vehicle distance reference
trajectory information already acquired.
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Then, the CPU 221 superimposes the inter-vehicle distance
probe trajectory generated at step S1070 over the inter-ve-
hicle distance reference trajectory indicated by the extracted
inter-vehicle distance reference trajectory information to
determine whether or not there is a matching portion with a
degree of matching equal to or more than a preset trajectory
match threshold.

Ifthere is not a matching portion with a degree of matching
equal to or more than the trajectory matching threshold (NO
at step S1100), control proceeds to step S1120. On the other
hand, if there is a matching portion with a degree of matching
equal to or more than the trajectory matching threshold (YES
at step S1100), control proceeds to step S1110.

At step S1100, the CPU 221 sets the value of D0 on the
basis of the results of the superimposition between the inter-
vehicle distance reference trajectory and the inter-vehicle
distance probe trajectory, thereby correlating the probe quan-
tity with the actual inter-vehicle distance in the inter-vehicle
distance probe trajectory. Thus, the actual inter-vehicle dis-
tance is determined on the basis of the current probe quantity,
and then control proceeds to step S1120.

At step S1120, the CPU 221 determines whether or not a
radio beacon from the reference station 202 has been
detected. If no radio beacon from the reference station 202
has been detected (NO at step S1120), the inter-vehicle dis-
tance estimation process is once ended. On the other hand, if
a radio beacon from the reference station 202 has been
detected (YES at step S1120), control proceeds to step S1130.

At step S1130, the CPU 221 transmits information to the
management server 204 via the reference station 202. The
information includes the information regarding the probe
quantity of a radio beacon received from the on-vehicle appa-
ratus 203 of some other vehicle (probe quantity information),
the information regarding the current location of the own
vehicle (own vehicle’s current location information), the
information regarding the vehicle type of the own vehicle
(own vehicle’s vehicle type information), the information
regarding the vehicle type of the preceding vehicle (preceding
vehicle’s vehicle type information), and the information
regarding the current time (current time information). Then,
the inter-vehicle distance estimation process is once ended.

Referring to FIG. 28, hereinafter are described steps of the
trajectory update process performed by the CPU 241 of the
management server 204. The trajectory update process is
repeatedly performed while the CPU 241 is activated.

When the trajectory update process is performed, the CPU
241 determines, first, at step S1210, whether or not radar
probe trajectory information has been received from the on-
vehicle apparatus 203.

If no radar probe trajectory information has been received
(NO at step S1210), control proceeds to step S1240. On the
other hand, if radar probe trajectory information has been
received from the on-vehicle apparatus 203 (YES at step
S1210), the CPU 241 classifies the received radar probe tra-
jectory information on the basis of the combination of the
vehicle type of the own vehicle and the vehicle type of the
preceding vehicle and stores the classified data in the RAM
243.

Then, at step S1230, the CPU 241 updates the inter-vehicle
distance reference trajectory in which the combination
between the vehicle type of the own vehicle and the vehicle
type of the preceding vehicle is the same as that of the radar
probetrajectory information added at step S1220, on the basis
of'the radar probe trajectory information added at step S1220.

Then, control proceeds to step S1240. The update is carried
out by statistically processing data on the basis of conditions
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such as of the vehicle type of the own vehicle, the vehicle type
of the preceding, the road curvature and the lane.

At step S1240, the CPU 241 determines whether or not
probe quantity information has been received from the on-
vehicle apparatus 203. If no probe quantity information has
been received (NO at step S1240), the trajectory update pro-
cess is once ended. On the other hand, if probe quantity
information has been received from the on-vehicle apparatus
203 (YES at step S1240), control proceeds to step S1250.

At step S1250, the CPU 241 stores the received probe
quantity information, together with the concurrently received
own vehicle’s current location information, own vehicle’s
vehicle type information, preceding vehicle’s vehicle type
information and current time information.

Then, at step S1260, the inter-vehicle distance reference
trajectory is updated on the basis of the information stored at
step S1250. Then, the trajectory update process is once ended.
The update is carried out by statistically processing data on
the basis of conditions such as of the vehicle type of the own
vehicle, the vehicle type of the preceding, the road curvature
and the lane.

Referring to FIG. 29, hereinafter is described a specific
example of the inter-vehicle distance estimation performed in
the wireless positioning system 201 configured as described
above.

As shown in FIG. 29, a vehicle installing the on-vehicle
apparatus 203a (hereinafter referred to as first vehicle) and a
vehicle installing the on-vehicle apparatus 2035 (hereinafter
referred to as second vehicle) travel near the reference station
202a. The second vehicle travels ahead of the first vehicle,
while direct wireless communication is performed therebe-
tween (see the arrow AL51).

In this case, each of the on-vehicle apparatuses 203a and
2035 transmits probe quantity information and the like to the
management server 204 via the reference station 202a (see
the arrows AL52, AL53 and AL54).

Further, a vehicle installing the on-vehicle apparatus 2034
(hereinafter referred to as fourth vehicle) travels ahead of a
vehicle installing the on-vehicle apparatus 203¢ (hereinafter
referred to as third vehicle). No reference station 202 is set up
in the vicinity of the third and fourth vehicles.

The third vehicle detects an inter-vehicle distance between
the third and fourth vehicles using the radar device, while
performing direct wireless communication with the fourth
vehicle (see the arrow ALS5S). In this case, the on-vehicle
apparatus 203¢ transmits probe trajectory information and the
like to the management server 204 (see the arrow AL56).

Then, the management server 204 generates an inter-ve-
hicle distance trajectory and updates the inter-vehicle dis-
tance trajectory using the probe quantity information, the
probe trajectory information and the like received from the
on-vehicle apparatus 203.

Further, a vehicle installing the on-vehicle apparatus 203/
(hereinafter referred to as sixth vehicle) travels ahead of a
vehicle installing the on-vehicle apparatus 203e (hereinafter
referred to as fifth vehicle). No reference station 202 is set up
in the vicinity of the fifth and sixth vehicles.

Direct wireless communication is performed between the
fifth and sixth vehicles (see the arrow AL57). In this case, the
fifth vehicle compares the inter-vehicle distance probe trajec-
tory generated through the direct wireless communication
with the sixth vehicle, with the inter-vehicle distance refer-
ence trajectory already acquired from the management server
204. Thus, without using the radar device, the inter-vehicle
distance between the fifth and sixth vehicles can be estimated.

In the on-vehicle apparatus 203 configured as described
above, the direct wireless communication device 213 per-
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forms direct wireless communication to receive data trans-
mitted from the on-vehicle apparatus 203 of some other
vehicle, which transmits data through radio transmission.
Then, the received signal strength RSSI of the direct wireless
communication device 213 is detected (step S1050).

Further, the RAM 223 stores inter-vehicle distance refer-
ence trajectory information. In this information, two or more
points are provided to show a relation of the received signal
strength RSSI with the relative distance between the on-
vehicle apparatus 203 of some other vehicle and the on-
vehicle apparatus 203 of the own vehicle. In this case, the
received signal strength RSSI shows the strength when the
data transmitted from the on-vehicle apparatus 203 of some
other vehicle is received by the direct wireless communica-
tion device 213 through radio reception.

Further, an inter-vehicle distance (probe inter-vehicle dis-
tance) between the own vehicle and the preceding vehicle is
calculated with reference to the time point when a radio
beacon has initially been detected (step S1060). Then, inter-
vehicle distance probe trajectory information is generated,
which indicates a relation of a plurality of received signal
strengths RSSI of the direct wireless communication device
213, to a plurality of probe inter-vehicle distances (step
S1070).

The inter-vehicle distance reference trajectory information
is compared with the inter-vehicle distance probe trajectory
information to determine a relation between relative distance
and probe inter-vehicle distance (step S1100).

Then, an inter-vehicle distance to the on-vehicle apparatus
203 of some other vehicle is determined on the basis of the
relation between the inter-vehicle distance reference trajec-
tory information and the inter-vehicle distance probe trajec-
tory information and the currently detected received signal
strength RSSI (step S1110).

Thus, the on-vehicle apparatus 203 of the own vehicle,
when it moves in the vicinity of the on-vehicle apparatuses
203 of other vehicles, can perform direct wireless communi-
cation with one on-vehicle apparatus 203 corresponding to
the inter-vehicle distance trajectory information (i.e. the on-
vehicle apparatus 203 installed in some other vehicle). Thus,
a relative distance between the on-vehicle apparatus 203 of
the own vehicle and some other vehicle can be determined.

Inter-vehicle distance reference trajectory information is
acquired from the management server 204 by performing
wireless communication, via the wide-area wireless commu-
nication network NW, with the management server 204 that
manages the inter-vehicle distance reference trajectory infor-
mation (step S1030).

Thus, a necessary piece of inter-vehicle distance reference
trajectory information can be acquired from the management
server 204, from among a number of pieces of inter-vehicle
distance reference trajectory information, which are provided
on the basis of combination between the vehicle type of the
own vehicle and the vehicle type of a preceding vehicle.
Accordingly, the data storage area of the on-vehicle apparatus
203 can be saved.

The on-vehicle apparatus 203 is installed in a vehicle (the
own vehicle) that travels on a road. Thus, the own vehicle
installs the radar device 215 that measures a relative distance
to a vehicle (preceding vehicle) travelling ahead of the own
vehicle. The on-vehicle apparatus 203 of the own vehicle
generates radar probe trajectory information that indicates a
relation between detected received signal strength RSSI and
radar inter-vehicle distance measured by the radar device 215
(step S1090).

The on-vehicle apparatus 203 of the own vehicle performs
wireless communication via the wide-area wireless commu-
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nication network NW to transmit the generated radar probe
trajectory information to the management server 204 (step
S1020). Thus, the management server 204 that manages the
inter-vehicle distance reference trajectory information uses
the newly acquired radar probe trajectory information to
update the inter-vehicle distance reference trajectory infor-
mation.

In the embodiment described above, the on-vehicle appa-
ratus 203 is the wireless communication apparatus of the
present invention. Likewise, the on-vehicle apparatus 203 of
some other vehicle is the radio transmitter; the direct wireless
communication device 213 is the radio communicating
means or unit; step S1050 is the detecting means or unit; the
RAM 223 is the reference information storing means or unit;
step S1060 is the distance measuring means or unit; step
S1070 is the first generating means or unit; step S1100 is the
relation determining means or unit; and step S1110 is the
position determining means or unit

Further, the received signal strength RSSI is the radio
reception condition of the present invention. Likewise, the
“relative distance between the on-vehicle apparatus 203 of
some other vehicle and the on-vehicle apparatus 203 of the
own vehicle” is the position related information; the inter-
vehicle distance reference trajectory information is the rela-
tion reference information (relation reference information);
the probe inter-vehicle distance is the relative distance infor-
mation (relative distance related information); and the inter-
vehicle distance probe trajectory information is the first rela-
tion information (first relation measurement information).

Furthermore, step S1030 is the third reference information
acquiring means or unit. Likewise, step S1090 is the second
generating means or unit; step S1020 is the third measure-
ment information transmitting means or unit; the radar device
215 is the relative distance measurement apparatus; the radar
probe trajectory information is the second relation informa-
tion (second relation measurement information); and the
management server 204 is the second management apparatus.

Sixth Exemplary Embodiment

Next, a sixth embodiment of the present invention is
described with reference to FIGS. 30 and 31. In the sixth
embodiment, only the differences from the first embodiment
are described. In the sixth embodiment, the components iden-
tical with or similar to those in the first embodiment are given
the same reference numerals for the sake of omitting unnec-
essary explanation.

The wireless positioning system 1 of the sixth embodiment
is different from the first embodiment in that there are some
changes in the processing steps performed by the reference
station 2 and in the steps of the position estimation process.
The remaining steps are similar to those of the first embodi-
ment.

Upon reception of the information that indicates the cur-
rent location of the vehicle (vehicle current location informa-
tion) from the on-vehicle apparatus 3, the reference station 2
carries out a step of including the received vehicle current
location information into a radio beacon.

Except for this additional step, the remaining steps are
similar to those of the first embodiment. In other words, the
reference station 2 periodically transmits, to the vehicles
around it, the radio beacon that includes the identification
information of the reference station 2 and the received vehicle
current location information, using the direct wireless com-
munication function.
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As shown in FIG. 30, the position estimation process of the
sixth embodiment is similar to that of the first embodiment
except that steps S1310 and S1320 have been added.

Specifically, when step S100 is finished, control proceeds
to step S1210. At step S1310, the CPU 21 of the on-vehicle
apparatus 3 refers to the vehicle current location information
included in the radio beacon that has been detected at step S40
and the current location of the own vehicle calculated at step
S100 to calculate an inter-vehicle distance between the
vehicle corresponding to the vehicle current location infor-
mation and the own vehicle.

Then, at step S1320, the CPU 21 transmits information that
indicates the current location of the own vehicle (own vehi-
cle’s current location information) calculated at step S100 to
the reference station 2 and then once ends the position esti-
mation process.

Referring to FIG. 31, hereinafter is described a specific
example of the inter-vehicle distance estimation performed in
the wireless positioning system 1 configured as described
above.

As shown in FIG. 31, a vehicle installing the on-vehicle
apparatus 3a (hereinafter referred to as first vehicle) and a
vehicle installing the on-vehicle apparatus 36 (hereinafter
referred to as second vehicle) travel on a road R6 in the
vicinity of the reference station 2a.

The first vehicle travels ahead of the second vehicle. Fur-
ther, the first vehicle travels on a curve of the road R6, while
the second vehicle travels just before the curve. There is an
obstacle on a line connecting between the first and second
vehicles (see the broken line DL.61). In this case, if the second
vehicle installs a radar device, it is difficult for the second
vehicle to accurately estimate a distance between the first and
second vehicles (inter-vehicle distance).

In this situation, however, the first vehicle is able to trans-
mit its own vehicle’s current location information to the ref-
erence station 2a (see the arrow AL61) and the reference
station 2q is able to transmit the own vehicle’s current loca-
tion information of the first vehicle to the second vehicle (see
the arrow AL62). Thus, the second vehicle is able to accu-
rately estimate the distance between the first and second
vehicles.

Further, the second vehicle may transmit its own vehicle’s
current location information to the reference station 2a (see
the arrow AL.63) and the reference station 2a may transmit the
own vehicle’s current location information of the second
vehicle to the first vehicle (see the arrow AL 64). Thus, the first
vehicle is able accurately estimate the distance between the
first and second vehicles.

The on-vehicle apparatus 3 configured as described trans-
mits the own vehicle’s current location information to the
reference station 2, using the direct wireless communication
device 13, the reference station 2 having a function of receiv-
ing the own vehicle’s current location information through
direct wireless communication and a function of transmitting
the received own vehicle’s current location information
through direct wireless communication (step S1320). Thus,
the on-vehicle apparatus 3 is able to transmit/receive own
vehicle’s current location information to/from the reference
station 2 through direct wireless communication.

Accordingly, the on-vehicle apparatus 3 is able to deter-
mine an inter-vehicle distance to another on-vehicle appara-
tus 3 positioned in the vicinity of the same reference station 2.

In the embodiment described above, step S1320 is the
position information transmitting means or unit. Likewise,
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the own vehicle’s current location information is the appara-
tus current location information.

Seventh Exemplary Embodiment

Next, a seventh exemplary embodiment of the present
invention is described with reference to FIG. 32, focusing on
the differences from the third embodiment. In the seventh
embodiment, the components identical with or similar to
those in the third embodiment are given the same reference
numerals for the sake of omitting unnecessary explanation.

As shown in FIG. 32, the wireless positioning system 101
of'the seventh embodiment is different from the third embodi-
ment in that the reference station 102 is set up along an
eight-lane (four lanes each way) road R7, an obstacle 150 is
provided between the reference station 102 and the road R7,
and the position estimation process has been changed. The
remaining configuration is the same as that of the third
embodiment.

Due to the presence of the obstacle 150 between the refer-
ence station 102 and the road R7, a direct wave arrival region
Al, a diffracted wave arrival region A2 and a blocked region
A3 are formed above the road R7.

The direct wave arrival region Al (hereinafter also just
referred to as region Al) is a region for the arrival of direct
waves that are not blocked by the obstacle 150, among the
radio beacons transmitted from the reference station 102. The
reference station 102 transmits the radio beacons via radio
waves.

The diffracted wave arrival region A2 (hereinafter also just
referred to as region A2) is a region for the arrival of diffracted
waves that are diffracted by the obstacle 150, among the radio
beacons transmitted from the reference station 102.

The blocked region A3 (hereinafter also just referred to as
region A3) is a region where neither the direct waves nor the
diffracted waves arrive.

The diffracted wave arrival region A2 is formed on both
sides of the blocked region A3 along the travelling direction
on the road R7. With respect to the region A2 formed on each
side of the blocked region A3, the direct wave arrival region
Al is formed on the other side of the region A2, which is
opposite to the side where the blocked region A3 is formed.

The RAM 123 of the control unit 112 (see FIG. 11) stores
reference trajectory information regarding the reference sta-
tion 102 that installs the control unit 112, being classified on
the basis of vehicle type and travelling direction of vehicles.
Each piece of reference trajectory information includes ref-
erence trajectories concerning first to fourth lanes that con-
figure the four lanes on one way (see reference trajectories
TR1, TR2, TR3 and TR4 in FIG. 32).

The reference trajectory TR1 (TR2, TR3 or TR4) indicates
that the probe quantity gradually increases as the vehicle
travelling on the first (second, third or fourth) lane of the road
R7 approaches the reference station 2. Then, at the boundary
between the region Al and the region A2 on the first (second,
third or fourth) lane, the reference trajectory TR1 bends in a
direction of decreasing the probe quantity as the vehicle
approaches the reference station 2 (see the bending point Pal
(Pa2, Pa3 or Pad) in FIG. 32).

Further, the reference trajectory TR1 (TR2, TR3 or TR4)
indicates that, as the vehicle travels away from the boundary
between the regions A1 and A2 toward the reference station 2,
the probe quantity gradually decreases. Furthermore, the ref-
erence trajectory TR1 bends at the boundary between the
regions A2 and A3 on the first (second, third or fourth) lane
(bending point Pb1 (Pb2, Pb3 or Pb4) in FIG. 32) and then
indicates that the probe quantity is fixed in the region A3.
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The position estimation process of the seventh embodi-
ment is the same as that of the third embodiment except that
step S370 has been changed.

Specifically, step S370 is different from that of the third
embodiment in that the CPU 141 of the on-vehicle apparatus
103 determines whether or not a probe trajectory matches a
reference trajectory.

More specifically, the CPU 141 sets preferential and nor-
mal areas for matching in each of the reference trajectories
TR1, TR2, TR3 and TR4 (FIG. 32 shows preferential and
normal areas for matching in the reference trajectory TR1).
The preferential area is set so as to be specific to each of the
reference trajectories TR1, TR2, TR3 and TR4. In this case,
the preferential area for matching is set for each of the refer-
ence trajectories TR1, TR2, TR3 and TR4 so as to include all
of the regions A2 and A3. The normal area for matching is
also set so as to be specific to each of the reference trajectories
TR1, TR2, TR3 and TR4. In each of the reference trajectories
TR1, TR2, TR3 and TR4, the normal area for matching cor-
responds to the area other than the preferential area for match-
ing.

Then, the probe trajectory is superimposed over the refer-
ence trajectory, followed by calculating a difference between
the probe quantity of the reference trajectory and that of the
probe trajectory at a plurality of points on the reference tra-
jectory (hereinafter the difference is referred to as probe
quantity difference). Further, the CPU 141 calculates an
inverse number for each of the calculated probe quantity
differences, followed by multiplying the inverse number with
a predetermined weight coefficient.

Then, the CPU 141 calculates an average of the multiplied
values at the plurality of points on the reference trajectory to
use the average as a degree of matching. The weight coeffi-
cient in the preferential area for matching is ensured to be
larger than that of the normal area for matching.

The wireless positioning system 101 configured as
described above includes the obstacle 150 between the refer-
ence station 102 and the road R7 laid around the reference
station 102. In this case, the obstacle 150 blocks the radio
waves propagated from the reference station 102 for trans-
mission of the radio beacons.

Accordingly, the reference trajectory TR1 (TR2, TR3 and
TR4) indicates that the probe quantity gradually increases as
the vehicle travelling on the first (second, third or fourth) lane
of'the road R7 approaches the reference station 2. Then, atthe
boundary between the region A1 and the region A2 on the first
(second, third or fourth) lane, the reference trajectory TR1
bends in a direction of decreasing the probe quantity as the
vehicle approaches the reference station 2 (see bending point
Pal (Pa2, Pa3 or Pad) in FIG. 32). The bending point Pal, Pa2,
Pa3 or Pa4 is generated at the boundary between the regions
Al and A2.

The positions on the road R7 corresponding to the bending
points Pal, Pa2, Pa3 and Pad4 of the reference trajectories
TR1, TR2, TR3 and TR4, respectively, are unlikely to be
affected by the ambient reflection (e.g., reflection of radio
waves from the buildings around the reference station 102)
and thus are stable. Specifically, the bending point Pal, Pa2,
Pa3 or Pa4 will have only a small variation in the position in
the travelling direction of the vehicle on the road R7 and in the
direction perpendicular to the travelling direction (i.e. in the
direction from the first lane toward the fourth lane). Also, the
bending point Pal, Pa2, Pa3 or Pa4 will have only a small
variation attributed to the difference in the vehicle type.

This is because the probe quantity of the direct waves
becomes larger than the ambient reflection owing to the fact
that the reference station 102 is set up near the road R7, and
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because the bending points are originated from the direct
waves having such a large probe quantity.

Thus, when bending points are generated in a generated
probe trajectory, the on-vehicle apparatus 103 superimposes
the bending points on the probe trajectory over those gener-
ated on the reference trajectory TR1, TR2, TR3 or TR4 to
accurately estimate the current location in the on-vehicle
apparatus 103 and the lane of the road R7, on which the
vehicle that installs the on-vehicle apparatus 103 (own
vehicle) travels.

For example, the probe trajectory shown in FIG. 32
matches the reference trajectory TR1 at the bending point
Pal. Accordingly, the vehicle that installs the on-vehicle
apparatus 103 is estimated to travel on the first lane.

In the comparison between the reference trajectory infor-
mation and the probe trajectory information, the on-vehicle
apparatus 103 determines a relation between reference travel
distance and probe travel distance, using the results of the
comparison performed when the position on the road R7 in
the reference trajectory information is included in the prefer-
ential area for matching, in preference to the results of the
comparison performed when the position is not included in
the preferential area for matching (step S370).

Accordingly, the estimation of the current location of the
on-vehicle apparatus 103 and the driving lane is hardly
affected by the results of comparison performed in the normal
area for matching that has lower accuracy in the estimation of
these data than in the preferential area for matching. Thus, the
estimation accuracy of the current location of the on-vehicle
apparatus 103 and the driving lane is maintained.

Further, since the reference station 102 transmits the radio
beacon via radio waves, the on-vehicle apparatus 103 is
unlikely to be affected by the weather in detecting the probe
quantity of the radio beacon.

Also, the on-vehicle apparatus 103 calculates inverse num-
bers of the probe quantity differences at a plurality of points
on the reference trajectory TR1, TR2, TR3 or TR4, as param-
eters that indicate a degree of matching between the probe
quantities of the reference trajectory TR1, TR2, TR3 or TR4
and the probe quantities of the probe trajectory.

At the same time, the on-vehicle apparatus 103 multiplies
each of the inverse numbers of the probe quantity differences
calculated at the plurality of points on the reference trajectory
TR1, TR2, TR3 or TR4 with a weight coefficient that is
predetermined on the basis of the corresponding point on the
reference trajectory.

Then, using the plurality of multiplied values, the on-ve-
hicle apparatus 103 determines the relation between refer-
ence travel distance and probe travel distance.

Further, the weight coefficient in the case where the points
on the reference trajectory TR1, TR2, TR3 or TR4 are
included in the preferential area for matching is ensured to be
larger than the weight coefficient in the case where the points
are not included in the preferential area for matching.

Thus, with such a simple method of changing the weight
coefficient between the preferential area for matching and
areas other than this, the comparison results in the case where
the points are included in the preferential area for matching
can be used in preference to the comparison results in the case
where the points are not included in the preferential area for
matching.

In the exemplary embodiment described above, the dif-
fracted wave arrival region A2 and the blocked region A3 are
the direct wave non-arrival region of the present invention.
Likewise, the preferential area for matching is the preferential
area; and the inverse number of a probe quantity difference is
the parameter that indicates a degree of matching.
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Various embodiments of the present invention have been
described so far. However, the present is not limited to these
embodiments but may be modified in various manners as far
as the modifications fall within a technical scope of the
present invention.

For example, in the above embodiments, the received sig-
nal strength RSSI is used as a probe quantity. Alternative to
this, TOF (time of flight) or incoming angle of a radio wave
may be used as a probe quantity.

In the above embodiments, reference trajectory informa-
tion is provided for each vehicle type. Alternative to this,
reference trajectory information may be provided for each
type of direct wireless communication device installed in the
on-vehicle apparatus.

In the above embodiments, a reference trajectory is
updated by determining whether the probe trajectory is of the
first lane or of the second lane on the basis of speed informa-
tion and steering angle information. Alternative to this, when
the statistics of probe trajectory converge on a plurality of
trajectories, the converged trajectories may be registered as
being the reference trajectories of the respective lanes.

Inthe above embodiments, an average of probe trajectories
is calculated for the probe trajectories of each classification
and the average value is used as a reference trajectory. Alter-
native to this, a reference trajectory may be derived as a
trajectory that maximizes the statistical indicator of a degree
of similarity, with respect to a group of probe trajectories
received in the past.

In the seventh exemplary embodiment, the obstacle 150 is
provided between the reference station 102 and the road R7.
However, as shown in FIG. 33, in an indoor site (e.g., indoor
parking area) where a structure such as of ferroconcrete hav-
ing high blocking properties is built, the reference station 102
may be provided so that the structure (the post 160 in F1G. 33)
is located between the reference station 102 and a region
where positioning is performed.

In an indoor environment that causes lots of reflections, the
received signal strength RSSI is greatly influenced by the
vehicles around there, causing large variation in a probe tra-
jectory (refer to the arrow AR71 in FIG. 33). However, when
a region for blocking direct waves is provided in a region
where decay of the direct waves from the reference station
102 is small (a region near the reference station 102), the
characteristic points (refer to the bending points Pcl and Pc2
in FIG. 33) can be extracted with a contrast higher than the
environmental factors.

In the seventh exemplary embodiment, the obstacle 150 is
provided being distanced from the reference station 102. In
setting up the reference station 102 and the obstacle 150, the
reference station 102 may be set up first and then the obstacle
150 may be set up so as to be located between the reference
station 102 and the road. Alternatively, when the obstacle 150
is already set up near the road before setting up the reference
station 102, the reference station 102 may be set up so that the
obstacle 150 is located between the reference station 102 and
the road.

Further, as shown in FIG. 34, the obstacle 150 may be
replaced by a blocking plate 170. The blocking plate 170 may
be connected to the reference station 102 so as to be located
between the reference station 102 and the road R7. Thus, the
reference station 102 and the obstacle are integrated.

In this way, the positional relationship between the refer-
ence station 102 and the obstacle is fixed to thereby suppress
variation in the positions of the bending points in the refer-
ence trajectory TR1, TR2, TR3 or TR4. As a result, the accu-
racy is enhanced in the estimation of the current location of
the on-vehicle apparatus 103 and the travelling lane.
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In the seventh exemplary embodiment, radio beacons are
transmitted via radio waves. Alternative to this, radio beacons
may be transmitted via optical waves. Since optical waves
have higher straightness than radio waves, the influence of the
ambient reflections can be further mitigated. However, opti-
cal waves are likely to be influenced by weather. In order to
avoid the influence of weather as much as possible, radio
beacons may be transmitted via sonic waves.

In the seventh exemplary embodiment, the reference tra-
jectories TR1, TR2, TR3 and TR4 are each superimposed
over a probe trajectory to determine which one of the refer-
ence trajectories TR1, TR2, TR3 and TR4 the probe trajectory
matches. Alternative to this, a path that the vehicle travels
between the lanes may be estimated on the basis of the refer-
ence trajectories TR1, TR2, TR3 and TR4.

For example, as shown in FIG. 35, a vehicle that installs the
on-vehicle apparatus 103 may move from the fourth lane to
the first lane (refer to the arrow AR81 in FIG. 35). In this case,
first, since the bending point on the probe trajectory matches
the bending point Pa4 of the reference trajectory TR4, the
position on the fourth lane of the vehicle that installs the
on-vehicle apparatus 103 may be estimated. After that, com-
paring the probe quantity of the probe trajectory with the
probe quantities of the reference trajectories TR1, TR2, TR3
and TR4, the path of movement from the fourth to first lanes
can be estimated.

In the seventh embodiment, the weight coefficient in the
case where the points on the reference trajectory TR1, TR2,
TR3 or TR4 are included in the preferential area for matching
is ensured to be larger than the weight coefficient in the case
where the points are not included in the preferential area for
matching. Alternative to this, the weight coefficient may be
determined according the distance between the preferential
area for matching and the current location of the vehicle. For
example, the weight coefficient may be ensured to become
smaller as this distance becomes longer.

In the seventh embodiment, a probe trajectory is compared
with a reference trajectory using the inverse numbers of the
probe quantity differences. Alternative to this, a probe trajec-
tory may be compared with a reference trajectory using the
distance between two bending points generated in the probe
trajectory and the distance between two bending points gen-
erated in the reference trajectory (Refer to the arrow AR91 in
FIG. 32. The arrow AR91 indicates the distance between the
two bending points Pal on the reference trajectory TR1).

For example, in FIG. 32, the distance between the two
bending points generated in the probe trajectory equals to the
distance between the two bending points Pal on the reference
trajectory TR1. Therefore, the vehicle that installs the on-
vehicle apparatus 103 can be estimated to be travelling on the
first lane.

While the invention has been particularly shown and
described with reference to exemplary embodiments and
modifications thereof, the invention is not limited to these
embodiments and modifications. It will be understood by
those of ordinary skill in the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the present invention as defined by the
claims.

What is claimed is:

1. A wireless communication apparatus, comprising:

a wireless communicating unit that receives data transmit-
ted from at least one wireless transmitter by direct wire-
less communication, the at least one wireless transmitter
transmitting data in a wireless manner;

a detecting unit that detects a wireless reception condition
in the wireless communicating unit;
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a reference information storing unit that stores relation
reference information that sets two or more relations
between (i) the wireless reception condition in the wire-
less communicating unit on a reception of data transmit-
ted from the wireless transmitter and (ii) location infor-
mation relating to a location of the wireless transmitter;

a distance measuring unit that measures relative distance
information relating to a relative distance between the
wireless transmitter and the wireless communication
apparatus:

a first generating unit that generates first relation informa-
tion indicating a relation between a plurality of the wire-
less reception conditions detected by the detecting unit
and a plurality of the relative distance information mea-
sured by the distance measuring unit;

a relation determining unit that determines a relation
between the location information and the relative dis-
tance information by comparing the relation reference
information and the first relation information; and

a position determining unit that determines a current loca-
tion of the wireless communication apparatus on the
basis of (a) the relation between the location information
and the relative distance information determined by the
relation determining unit and (b) a current wireless
reception condition in the wireless communicating unit
detected by the detecting unit.

2. The wireless communication apparatus according to

claim 1, wherein:

the wireless transmitter is provided to be fixed to a prede-
termined installation position;

the location information in the relation reference informa-
tion is information indicating a position on a road laid
around the wireless transmitter; and

the relative distance information in the first relation infor-
mation is a travel distance of a vehicle provided with the
wireless communication apparatus that moves on the
road laid around the wireless transmitter.

3. The wireless communication apparatus according to

claim 2, wherein:

the relation reference information is set for each type of the
vehicle.

4. The wireless communication apparatus according to

claim 3, wherein:

the road has a plurality of lanes each way; and

the relation reference information is set for each lane of the
road.

5. The wireless communication apparatus according to

claim 4, further comprising:

a first reference information acquiring unit that acquires
the relation reference information transmitted from the
wireless transmitter by using the wireless communica-
tion unit.

6. The wireless communication apparatus according to

claim 5, further comprising:

a first measurement information transmitting unit that
transmits the first relation information generated in the
first generating unit to the wireless transmitter by using
the wireless communication unit.

7. The wireless communication apparatus according to

claim 6, further comprising:

a second reference information acquiring unit that acquires
the relation reference information transmitted from a
first management apparatus that is provided for each
wireless transmitter to manage the relation reference
information, by performing wireless communication
with the first management apparatus via a wide-area
wireless communication network.
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8. The wireless communication apparatus according to

claim 7, further comprising:

a second measurement information transmitting unit that
transmits the first relation information generated in the
first generating unit to the first management apparatus
by performing wireless communication via the wide-
area wireless communication network.

9. The wireless communication apparatus according to

claim 8, further comprising:

a movement trajectory transmitting unit that transmits
movement trajectory information indicating a move-
ment trajectory of the wireless communication appara-
tus to the first management arrangement by performing
wireless communication via the wide-area wireless
communication network.

10. The wireless communication apparatus according to
claim 9, wherein:

the wireless transmitter includes a receiving function for
receiving current location information indicating a cur-
rent location of the wireless communication apparatus
by direct wireless communication, and a transmitting
function for transmitting the received current location
information by direct wireless communication; and

the wireless communication apparatus further comprises

a location information transmitting unit that transmits the
current location information to the wireless transmitter.
11. The wireless communication apparatus according to
claim 2, wherein:
an obstacle is located between the wireless transmitter and
a road laid around the wireless transmitter, the obstacle
blocking a part of waves propagated from the wireless
transmitter so as to transmit data; and
the relation determining unit is configured to determine the
relation by using a first comparison result in preference
to a second comparison result in a comparison between
the first relation reference information and the relation
information,

the first comparison result being a result of the comparison
that is performed in a case where the location informa-
tion in the relation reference information is included in a
preferential area that is set in advance so as to include a
boundary between a direct wave arrival region and a
direct wave non-arrival region, where the direct wave
arrival region is a region on the road at which direct
waves arrive and the direct wave non-arrival region is a
region on the road at which the direct waves do not
arrive, the direct waves being the waves that arrive at the
road from the wireless transmitter without being
blocked by the obstacle, and

the second comparison result being a result of the compari-
son that is performed in a case where the location infor-
mation in the relation reference information is not
included in the preferential area.
12. The wireless communication apparatus according to
claim 11, wherein:
the obstacle is provided to be fixed to the wireless trans-
mitter.
13. The wireless communication apparatus according to
claim 11, wherein:
the waves are radio waves.
14. The wireless communication apparatus according to
claim 11, wherein:

the waves are light waves.
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15. The wireless communication apparatus according to

claim 11, wherein:

the waves are sound waves.

16. The wireless communication apparatus according to

claim 11, wherein:

the relation determining unit is configured to:

calculate a parameter that indicates a degree of matching
between the wireless reception condition in the relation
reference information and the wireless reception condi-
tion in the first relation information at a plurality of
calculation positions indicated by the location informa-
tion in the relation reference information;

calculate a multiplied value by multiplying the parameter
calculated for each calculation position with a weight
coefficient that is predetermined based on the corre-
sponding calculation position and is set in such a manner
that a first weight coefficient is larger than a second
weight coefficient, where the first weight coefficient is a
weight coefficient in a case where the calculation posi-
tion is included in the preferential area for matching, and
the second weight coefficient is a weight coefficient in a
case where the calculation position is not included in the
preferential area for matching; and

determine the relation by using the calculated multiplied
value.

17. The wireless communication apparatus according to

claim 1, wherein:

the wireless transmitter is mounted in a first moving object
that moves on a road;

the location information in the relation reference informa-
tion is information indicating a relative distance between
the first moving object and the wireless communication
apparatus; and

the relative distance information in the first relation infor-
mation is information indicating an increase and
decrease in a relative distance between the first moving
object and the wireless communication apparatus with
respect to a reference relative distance that is a relative
distance between the first moving object and the wire-
less communication apparatus at a predetermined time
point.

18. The wireless communication apparatus according to

claim 17, further comprising:

a third reference information acquiring unit that acquires
the relation reference information transmitted from a
second management apparatus that manages the relation
reference information, by performing wireless commu-
nication with the second management apparatus via a
wide-area wireless communication network.

19. The wireless communication apparatus according to

claim 18, wherein:

the wireless communication apparatus is mounted in a
second moving object that moves on a road;

the second moving object is provided with a relative dis-
tance measurement apparatus that measures a relative
distance to the first moving object traveling ahead of the
second moving object; and

the wireless communication apparatus further comprises:

a second generating unit that generates a relation between
the wireless reception condition detected by the detect-
ing unit and information indicating the relative distance
measured by the relative distance measuring apparatus;
and

a third measurement information transmitting unit that
transmits the second relation information generated in
the second generating unit to the second management
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apparatus by performing wireless communication via
the wide-area wireless communication network.

20. A wireless positioning system, comprising:

at least one wireless transmitter that transmits data in a
wireless manner; and

a wireless communication apparatus, including:

a wireless communicating unit that receives data trans-
mitted from the at least one wireless transmitter by
direct wireless communication;

a detecting unit that detects a wireless reception condi-
tion in the wireless communicating unit;

a reference information storing unit that stores relation
reference information that sets two or more relations
between (i) the wireless reception condition in the
wireless communicating unit on a reception of data
transmitted from the wireless transmitter and (ii) loca-
tion information relating to a location of the wireless
transmitter;

10

15

34

adistance measuring unit that measures relative distance
information relating to a relative distance between the
wireless transmitter and the wireless communication
apparatus:

a first generating unit that generates first relation infor-
mation indicating a relation between a plurality of the
wireless reception conditions detected by the detect-
ing unit and a plurality of the relative distance infor-
mation measured by the distance measuring unit;

a relation determining unit that determines a relation
between the location information and the relative dis-
tance information by comparing the relation reference
information and the first relation information; and

a position determining unit that determines a current
location of the wireless communication apparatus on
the basis of (a) the relation between the location infor-
mation and the relative distance information deter-
mined by the relation determining unit and (b) a cur-
rent wireless reception condition in the wireless
communicating unit detected by the detecting unit.

#* #* #* #* #*



